Pseudomonas aeruginosa infection destroys the barrier function of lung epithelium and enhances polyplex-mediated transfection.
Challenged by the lack of success of experimental gene therapy of cystic fibrosis, we set out to investigate one of the potential causes of this failure, the barrier function of the airway epithelium and the way this is affected by bacterial infection. In an in vitro model of the airway epithelium we determined the effect of Pseudomonas aeruginosa or Escherichia coli on the transfection efficiency of polyethylenimine (PEI)-plasmid DNA complexes, carrying a luciferase gene, as well as on the barrier function of the epithelial cell layer, using transepithelial resistance (TER), cytotoxicity, bacterial transmigration, and morphological appearance as parameters. The level of luciferase expression was more than one order of magnitude higher in the cells which, before transfection, were incubated with P. aeruginosa. TER was strongly reduced by P. aeruginosa, whereas E. coli had no effect. Pseudomonas aeruginosa also effectively destroyed the structure of the tight junctions, as visualized by immunostaining of the zonula occludens. By the same token, small but significant numbers of P. aeruginosa cells were found to migrate through the epithelial layer, whereas no E. coli cells were observed at the transcompartment of the wells. Release of lactate dehydrogenase from the epithelial cells, a parameter of cell damage, occurred in a dose-dependent manner on incubation with P. aeruginosa, but not with E. coli. To evaluate the relevance of these results for the in vivo situation, we infected C57BL/6 mice with P. aeruginosa or E. coli 48 hr before transfecting them intratracheally with PEI-DNA polyplexes. Infection with P. aeruginosa caused a 5-fold increase in luciferase expression whereas infection with E. coli had no effect. Fluorescence microscopy of lung sections, after administration of fluorescein isothiocyanate-labeled polyplexes, showed that prior treatment with P. aeruginosa effectuated penetration of the complexes deeper into the epithelium than in untreated animals. In P. aeruginosa-treated animals fluorescence was detected not only in the airway epithelium itself but also in the parenchyma. We conclude that infection with P. aeruginosa causes disruption of the tight junctions between the cells and thus of the barrier function of the epithelium. As a consequence, PEI-DNA complexes injected intratracheally into infected animals gain access to the basolateral side of the cells and to spaces across the epithelial lining, giving rise to substantially increased transfection efficiency.